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(57)Abstract: . ^ . 

PROBLEM TO BE SOLVED: To obtain a semiconductor 
device that has an excellent interface characteristics 
between a silicon substrate and a metal silicate layer. 
SOLUTION: This semiconductor device where an active 
element is formed on a silicon substrate 51 has a metal 

silicate layer 53 that is formed on the silicon substrate ^ ^ 

51 and an electrode layer 54 that is formed on the metal ^ ^ 

silicon substrate 53. In the metal silicon substrate 53. \j 

the concentration of the configuration metal is gradually ^ 
reduced from the interface between the electrode and - 
metal silicate layers 54 and 53 toward the interface 
between the silicon substrate 51 and the silicate layer 
53. 
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So 

s sjgfiK-r sxs**-r s z. t s^mt-r «**^sb 
^}^fiicT-5xs**-rs ;i t*i#iifrs¥^<*^«B<z) 

Mt^^W^^yT^ h«SJ^figT?)XgS:*-r?>::<i:S 
[It*« 14] U a >*«±lr ^B^{b!^=£?^fiK-r s 

xst. 
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-r2.¥«*SB«5iSjfi*So 
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< t%^mRzmm^^tsii7.t:m^^tzcvDm\zx-y 

^R'^Uy-f hHS:J^^i--5Xg€:W-rs;i<hS:#®t 
[0 0 2 9] »jt^SC^l»ttDlC;fel^T. WIBS^* 

8 0 o"c«T®®«'Cf^5aa'^^^ ^v^ttaeK^sM 
&*-r sxg*^ 6. ic«-r s bin 
[0 0 3 0] *^?^«''^***^s««)iSiS:^* 

^^-^trM (MS i Nx m-i^mTtm) ^mmnm 

i-?.^s->u^r< ha^fejgfijc-rsxg^swrs-ts^* 
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[0 0 4 2]^BI2«, :iroKit6f&HF}§?K«:fflV^TXy 
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[0 0 4 3];il3tL«Z r02 M 2 5: 4 5 0 "CT'^Mbit 
t^r&D,' e^l,«3 5 0'C-t?fi!cMLfe«'grS:7i<bTti 
i>, Sfc, Xy5^>4^I^F«n 5 Of:>i^At3«Z r02 IR2 
S°X'v5">ifl^TV^S»^T*0, 1 5 O^UmtZ r 

02 m2cDfi£mmj!)^4 5 Ot:W«^> Zr 02^2(0 
X>;/^>yi>-H«l 2 0 pm/s e c. ^^ta«*^3 
5 0'C®«^, 2 0 0 pm/s e ct?fet3fc. Zr->'J 

hH3WX>>9^>;^W-H«^ V^-rn<Z)«^*)2 p 
m/s e cT^ofc. 
[0 0 4 4] ;i(D<fc^(CZ r02 )g2 t Z r ->U -^-f h 
H 3 T?«X -y ^ > H *^ 5 0 meA±S^^ ^ 
j6^ofc= Zr02 M2WI«». fiJcMiaS*^^^-«-& 

^ffllCj^fiJc^nfcZ r->U^-f hl3®Xy^>e^ 

[0 0 4 5] z r oi m2 iz^m\zM^^nk 

Z rv^'J^T'f h«3t-e«x>y^>^k-M-:^^^^ 
[0 0 4 6] ^oJ:pf<tliei^»t^S^''^T, *iewt? 
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[0 0 4 8] ?l5SI«^<k**S-rsfc»?)(c, :i 
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[0 0 4 9] 0 3«. *^iB»C=fcDf^fi5£bfc«^5a)*b 
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4>Ctt^?4)-Sim«5 2*«$nTV^^. ;i«pS-> 
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KbV^?^fi£^Slc:3V^T»«)£-r^. 
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[0 0 5 2] ^©llfl^«h5>i'^^-tl-«> 
tl, C©SW^iiiM5 7Ct9!tt5,nfca>^i'h?LS^ 

^-^^ y_ f.^;^ 5 4 *3 it/v-x • H i/-r >®1^ 5 5 

(CA 1 5 8 Ti^^^^nXV^^. 

[0 0 5 3] (^JSJ^ffil - 1) *(-^ 04^£#Kb 
Tv 03»CS^bfeM I S h^>-:^X5'<D$!ijS:*fe*ift^ 
50 T^), 



(6) 
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aro^ffl^*, SSiaS3 5 0<Ct?, 1^3 0nm©Z 
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i/ijy-f hS5 3/&5jgfie^tl^. :iroZ r->U^-f hi 
5 3tt, Z-nmi^-^ZT. O, S i &7C^*^+^i''^X^ 

fflVi-S^tt, ia^l^»«tt^«'fi^^'^<''«c'3' Zr-> 

i)>:r-ihms3(Ds ioz it^mu-v^. zr->ij^r^ 

b«5 3©i^SI«^flH'*fJ-^**' ->Un>S 
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U^r-f ha5 3W*7!)^S*^Wf'«^o ^©t#X-y5^> 

^jgffid^z r ->u^r< hm 5 3-^^mzmor^<D-^^ 40 

X^y^>yi^W*n ~ 3#jS«S< ?5:oTt) Z r -> U 

^ h« 5 9 (t>mw\i:k^fs-'&^*^f^< ' ^^f-J^^^MJ? 
(^JSU^Sftct < S»?5: Z r -> -J 5 3 

[0 0 5 9];^(', 04 (d) \Z7r^'^i.o\Z. X'y5"> 
iflCj;-r)T^StlfcZ r i/'J^r-f h« 5 3 iraS^^ill 
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[0 0 6 2] £;^roxg«. as«Mi s h7>-:?x^ 

OljgV, H-X«1X1 0i5cm-2Tllt^«)-f*>a 
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frii^cwbT. (!^i3.<t^zr. ^mRUs i 

[0 0 8 11 0 3CS^-r<t3(C. {t^affifiSSS 

lC±oT7}?'J->U3>l^^^ffllCl««b. C10#U->'J 
a »gS/1i5'-->i^bTy- bttS 5 4 ^^^t^. 
m^X. ^^«4 5 0t:, ffi:>3lPa~l 05 PatCiJ 

v^T, SiH^xTf&fibfcs i H4 •^T.t.nnz ^7.<r) 

}l-&:tf7.S:fflV^T. i!fi]^tf5nm~2 0 0 nm«)CVD 



[oo8 2]!ei«oxg«. as«)Mish7>-:?^3' 

OkeV, h--X«lxl 0J5cin-2-C8t^ro^*>a 
S C V D -> U 3 >BI'ftM«:l«« L , ' (75»P^*6«iK 5 7 

[0 0 8 4] ^^f^aa^Bfet^ttiai®^^*^ 

jii^^^a^-tJfc^i'^ 8 0 cceATrogf^^^^H* 
[0 0 8 51 ?5:*3> ±mvrz^^mmm<D:tsm\t. y-^ 

(damascene gate) «b<«B«iy-^ (re 
Placement gate) l^yyPX^-:^0^7.<D^-^^^^ 

[0 0 8 61 csi^«. ®^y-7-»^/'-bh7>-:^Xi? 

[0 0 8 71 ±KEbfc**JfiJ^«S<^:^S*ffl''^'^' ^5 

-y-h^tambfc^icgffibfcs 

[0 0 8 81: (*ffi^«2) :^('. v-^-7-^v~'y 
«=&?^fiScbfc«^fi^<'>T. f^BESnfclS^sKoi^W^m 
[0 0 8 91 H8«, S iS«-ttCZ r02 88 (^S^ ^« 
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im) *Jg^byS:KiP^©Wr®TEM9^t?fe?>. ZrO 
>:r^ Vm : interfacial Zr silicate) tm^^nx^^ 

[0 0 9 0] 0 9«, ^®>"J^r^he©±®*^^S 1 
S«C|6lA^oT, I^SBv'U'^^ h^®ffl**^«fbfe^ 

S4^bfcfe«-e*s, 

[0 0 9 1] S9tr*r<t^i^> ^ffi-^uy-i- mw± 

ffid^^S l»«lCf6]*^oT (^iS*l*^e.^»^6tC|6] 
A^oT) , ZrCDiSS (S^A— fe>H *^7%*^eb 
f-VifCigJ'>b, ^ffl->U^r<haiS 
tt^tiJIS^eAT-r^*^^. l%UATlC^oTV^5, bfc 
*^oT. ;i©a;^lCbT#^n:^:->'jy'1'b^®^*ffl 
v^^S^tt?, ;>!;i.i'®««t^bT^®T?OZ rJR«)&^« 

[0 0 9 2] C©.t:5(CbT'#enfc^®->>J 

liiv.t, zr-S ii®^*«-rsZr->U-y^H:*^5^fiE 

i7««cC0Z rjgS«l 7%t;TT*^^.t*WSbV^. 
[0 0 9 31 *fc, ^B^Ikmi:l--ca^<^ZrO 
X (x~2) SrfflVi'S^-B^ 0 9«)a«^^*?&^6>%t)d^ 
Z r ->Uy-f h®<J3/'^;l'i'fiJ*®Z riftStt 
7%SS*^»:^i:^^. il«*«s iOz J; 

D=b^5^^^< (a = 7~8@«) , ^fcU-i^^tt® 
^<l:^)*b;5:V.» bfc*^oT, Zr->U^r^M<DA-;i. 
/;«*Stc*3ttSZ rigSWS;*ctt*^7 %^<.^ti7 %eAT 
Ta&*Ct:d^»*bVi. 

[0 0 9 41 010 (a) tt, lf-T:/l^— >3> 
figliifttrZ r02 K^f^SSb, ^ffi-^U^r-r hS<£*fi^ 
l^tbTfflV^fc, Au/^iB->'J^r-< hS (Zr->U^r 

^ hH) /s i «jtroM I s=<-^/v>5'(*^^^t:> 

C-vitttt^ttebfcS^^^^rS^bfcfeW-CfeS. 010 
(b) 010 (a) (D^ffivU^r-f hSi:I^S«« 

itta*lCcfcSZr'>>J^r^hl/S i«iS<DMI S^^r 
;V>yC-^l^T, ^(DC-Vi^tt^ai^bfe^^^^b 

[0 0 9 51 ^«^«i:^»*^e>M«=be.nfc^«^ 

a |^#^^lCe=7~8<tl^S«T&0, SiO2ct0 

fc^E5^CJllv.«=£»bTV^s, c-vio-'^rizm 

bTtt, 010 (b) Wift^ffiircfcSZ r->Uy-r 

:£ffl^^fc^r/v>yro:/^^SM^■cv^^®^cMb, ai o 

(a) (Dl3X\t't(Dmf3:mt^<btlXi5^ir. SiifffS:^ 
[0 0 9 6] EA±«J:5C« Z rKflilKtS i trol^ffi 
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r Z r MAJi 0 fe<gl> Z r v U ^ 

-fhB^fflV^^) ^<tf::<k'3, Z ri-U^r-f hStS i 
SS<h03^ffiT«Z raS*^<£<'^fc«>t'S»^^®^^* 
^%:bZtifl-C^^tLhiz. z r v'jy-f hSroA'Jl. 

[0 0 9 7]^:^, Z r»f^t)OCHflScl/i«La*ffl 
l^Tfe j;''^.' 4#tH f ttZ r chl^^rottMSrWbtV^S 

SS tcgl-r -5 ^ « * * • 

[0 0 9 8], J:Mbfc.fc^/i«liS*W-rSM I S 

CO 0 9 9]; ST, 04 (a) (CTpTct^tc. 

(10 0) J H:ffitn:4~6Qcm©pS->'J:3>»«5 

*ro«*J^^-rs. SgV^T. |fl|^«LP-TEOSM* 

[0 1 0 0]; j^ctc, 04 (b) ics^rJ;5t:. I/— tf- 

Pa®f?H**. SSiaai3 0 0-6 0 O-CtCiSV^T, 
OnmOZ r02 m (^Bi^^tl^) 5 9^Sia 

[0 1 0 1] Z rOz 9«^mtra^C, SiS« 
5 1 <!:Z r 02 M5 9 tW^ffilCttif ^ 2 ~ 3 nmgS 

«z r->>jy-f hms sf)m^-sn^o.z.(Djzo\zvx 

J^fig^n^Z r vU^-f has sa, Jgfigi^lCZr, o 

nSZrv-'J^r^f M5 3tt, Si»«5 1fiytCSK 
Z r 02 MS 9ffliJlCZ r*«#'<#ffi-rSfc*> Z r«K 

[0 10 2lSfc, Z r02 !«5 9^EKM-r^|iSlCii)@ 
gf^*B9Wr^;ii:lCJ;0. S i S«f^®T?®^ft5JC 
^ffijl-r^^lt/i^'t?^^^-^?'^ S i02 ffl.*l-afi<. ^ 
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^ h»5 SSTJ^fig-r-S't^^'P^^- 
LOlOS] 04 (c) \z7^-r^^\z, mm2% 
(D^HFmm^m^^xio oe^mm^^^y vju^^yf 

^n^t, Zr02 M5 9«X<v5^>i^Stl> Zr->U 
^r-f M5 30**<3lS?WCSa. ^(Ott. Xy5^> 
^m&ifiZ r -><J ^r^ h« 5 3-cmiSI'M'>-rscDt?. 
X -y 5^ > d/I^F^ ~ 3 fflSSfi < 5^ o T *> Z r -> U 

5 3 ©M»f';*c^^^fl:«?a:< . ^a*^^8i»fB 
P'tSi<. ajifJiZ r v-U'^T'f h«5 3©*-S:S«Wf^ 

[0 10 41 04 (d) x->^> 
i/Kct^T^^n?S:Z ri^Uy-f hB5 3C**bT> © 

si65Siis6o*^e.iaismiR*Mi*-rs. mmkmmm<D 

[0 1 0 51 HSlC^t-ct^lC. ■ffc^^fflEKfife 

□ >ms/^5'-x>if uxy- h«ffi 5 4 =£}^B£-r^. 

m^^X, «i|^«4 5 0'C. )E:t»lPa~105 palcfe 

<,^T. ^^iiy^x^^hfts I H4 :»x<hNH3 

0 g^^X^fflV^T. •Pij^«5nm~2 0 0 nni<7)CVD 
v'ja>S'ftM)4^e.?S^^-hffl'JS5 6Sr?^B£-r«. 
CO 1 0 61 EKm.(DXm\t. ffi^WM I S h7>i^X^' 

OkeV, H— X«l X 1 0*5cm"2Tat*K)'r^>ii 
A&frV^. HW-f >®«5 5S:J^fi£rS. S^V^ 

T, i\:^%m^Amiz^^x±m\zmmmmms 7 

30 y^>if\Zi:-DX/^^-^>if\^X. A1E«S5 8SJ^ 

CO 1 0 71 fsiis. ^mmmm\z^^^x, 
^sfcftfc, ^B->u^r< hm^i^^\^rcmz^mm^^ 

CO 1 0 81 ^tc. :^Mmmmt. f^i<Dmmmmtm 

CO 1 0 91 Je^±. *%0JwllSS}^S8*Si?«bfc*^, * 

mmit±tmmmm\zwi^^n^^(^'^^^^<^ "^^^ 

<t75^Bit6-es.-5. ±iinmmmz\t.m^ (Dmm 
(n^m^^^tixisr), m^-^ntzm^Mn-^M-M.^^ 
^ioii:^z.t\z^^xm^ <D^mmm-^nn^o 

5<? CO 11 01 



(10) 



v»S ;i tT?M I s h 7 ®ttt6*t^-t^^** ^ 
[0 21 

[03] :*:5|0JCO^Jg3^«»^«*MI SK7>>^7:^5'0 
SlaiXe®-t>S b fcXS»f IS 0. 

[0 5] :^?tm<r>nmmmm^uisby>'J7.^<^ 

[0 6] *^?BrosiJii?^Mic#^Mi sh^>i^^^<o 

[07] i^m<rinmV^m\Z%^M\ Sh7>vX^<75 

iSifiXgrofl&ro^ajS^l-fc^SffffiS. 
[0 8] *5!BJ<73||J6J^«8ft«0, ->'J3>S«-t«'^ 

^ b fc i ^ <D® 
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[09] 0 8IC*b:«ttt^»'^V^T:' ^SS/U^-f 
t^(DZ rrgK*S^bfc0. 
[010] *^?BltJ;oT'#^.nfcMIS=*^^/V>3'0 
C - V4tttSSe*ft^S tmbT7pbfc0. 
[|?F^©ift?«] • 

2- Z r02 m (^SmW 

3- Z ri^U'^r-f (^B->U ^r-f hS) 
5 1-->'J3>»« 

? 5 2-ig^^i-lil®J^ 

5 4-y-h«ffi (mffiS) 

5 5-V-X • Y-v^y^'^ 

5 7 -SWSffe^M 
5 8-A ISB^ 

5 9-z r02 m 

6 2-S 102 m (->'Ja>m<bl^) 
?<? 6 3-^BIiiX«^B->'J1t^ Hl^ 
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